Objectives: Children with auditory processing disorder (APD) typically present with "listening difficulties,"' including problems understanding speech in noisy environments. The authors examined, in a group of such children, whether a 12-week computer-based auditory training program with speech material improved the perception of speech-in-noise test performance, and functional listening skills as assessed by parental and teacher listening and communication questionnaires. The authors hypothesized that after the intervention, (1) trained children would show greater improvements in speech-in-noise perception than untrained controls; (2) this improvement would correlate with improvements in observer-rated behaviors; and (3) the improvement would be maintained for at least 3 months after the end of training.
INTRODUCTION
The nature of auditory processing disorder (APD, H93.25 in ICD-10) remains a matter of intense debate. This is also of crucial clinical importance, as the theoretical framework adopted for APD determines the diagnostic and management process (American Speech-Language-Hearing Association 2005; American Academy of Audiology 2010; British Society of Audiology 2011). The clinical presentation in children is characterized by "listening difficulties" despite normal pure-tone thresholds, with a hallmark symptom of excessive difficulty in understanding speech in the presence of background noise (Chermak et al. 2002; Dillon et al. 2012; Iliadou & Bamiou 2012) . However, families seek help because of difficulties in language development or educational attainment rather than the speech-in-noise symptoms (Myklebust 1954; Heine and Slone 2008; Tomlin 2014) .
Much theorizing about APD has centered on the importance of low-level sensory deficits, but it is becoming increasingly clear that higher order factors, for example attention and memory, appear to be crucial in accounting for the clinical presentation (Moore et al. 2010) . Even AP tasks with a higher degree of complexity (that require feature extraction and categorization) show only weak correlation with language processing after controlling for cognitive factors (Grube et al. 2012) . Recently developed AP tests thus attempt to disentangle auditory processing from cognitive or language influences by calculating difference scores between, e.g., speech-based measures, in which the degree of difficulty is varied by manipulation of a specific situation (Cameron & Dillon 2011) . However, while the effects of higher order factors may be minimized, they are unlikely to be eliminated. Diagnostic assessment thus requires multidisciplinary input (American Academy of Audiology 2010; British Society of Audiology 2011).
These new findings have thus led to the notion that APD results from impaired neural function within the central auditory nervous system (American Speech-Language-Hearing Association 2005; American Academy of Audiology 2010) and beyond the auditory cortex (Moore et al. 2013) , as higher-level cognitive processing heavily subserves listening skills (Moore et al. 2013; Ahmmed et al. 2014) . It is therefore natural for APD management strategies to attempt to capitalize on the brain's ability for structural and functional reorganization in response to sensory input across the life span. This brain "plasticity" may involve the activation of inactive neuronal connections and/or the formation of more efficient synaptic connections within the brain (Chermak et al. 2007) .
Therefore, one possible avenue of remediation for APD is auditory training (AT), which is to say listening exercises that aim to improve auditory system function (Loo et al. 2010 ). The LOO ET AL. / EAR & HEARING, VOL. 37, NO. 1, [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] desired effect of AT is to achieve successful auditory learning, i.e., a relatively permanent improvement of perception and behavior (Fahle & Poggio 2002) . AT studies in normal adults indicate that learning is better when the task is difficult enough to tax attention (Amitay et al. 2006 ). Learning appears to be driven by attention focusing on the specific stimulus dimension that is of relevance to the training task (Halliday et al. 2011) . In addition, studies in normal children indicate that learning may not generalize to untrained tasks or stimuli (e.g., Halliday et al. 2012) , so it may be important to train with a wide variety of material and situations. Studies of computer-based AT programs with a variety of simple and complex auditory tasks report posttraining improvements on a range of auditory and nonauditory measures for a broad range of pediatric populations with disorders that overlap APD (Loo et al. 2010 ). However, it remains unknown whether such improvements generalize to real-life listening situations. Current AT studies are hampered by significant limitations. Studies on normal adults or typically learning children may not be directly applicable to children with developmental disorders, particularly as learning mechanisms may change during maturation (Halliday et al. 2012) . Only a handful of studies have assessed AT outcomes explicitly in children with APD as defined by appropriate diagnostic criteria (Cameron & Dillon 2011; Cameron et al. 2012 Cameron et al. , 2014 Sharma et al. 2012; Wilson et al. 2013) . There is also a paucity of studies that used an untrained control group to estimate practice or maturational effects (e.g., Sharma et al. 2012) . Assessments of listening behaviors outside the laboratory, such as by means of questionnaires to investigate whether listening in real life improves after training and whether improvements correlate with improved performance in the auditory skills the AT purports to address are similarly underemployed (Cameron & Dillon 2011; Cameron et al. 2012 Cameron et al. , 2014 . A true treatment effect remains uncertain, as training materials are sometimes too similar to what is employed in outcome measures, e.g., by using the same talker for training and testing (Cameron and Dillon 2011; Cameron et al. 2012 Cameron et al. , 2014 . Although sustainability of AT benefits after intervention has been assessed in some studies (Gillam et al. 2008; Strehlow et al. 2008) , these are rare for specifically APD populations (Cameron & Dillon 2011) . Finally, no single study meets all of the above criteria.
Here, we examine the effectiveness of a computer-based AT intervention for children with APD, diagnosed as per explicit criteria (American Academy of Audiology 2010; British Society of Audiology 2011). At present, it remains unclear which type of intervention works better for each individual child. We thus used a broad range of AT "games" with ecologically valid speech stimuli. We expected that the complex nature of the sound stimuli and the task demands would mean that such training would be more likely to generalize to untrained behaviors. AT was aimed at improving speech-in-noise listening performance, because speech-in-noise test deficits reportedly correlate with other listening and communication indices (e.g., Moore et al. 2010) . To assess the effects of AT on children's real life behaviors, we compared the changes in speech-innoise perception and in observer-rated listening/communication behaviors between trained children and untrained controls immediately postintervention. We hypothesized that, after intervention, children from the AT group would show a greater improvement in speech-in-noise perception than untrained controls and this improvement would correlate with improvements in observer-rated behaviors. We evaluated speech-innoise performance of the trained group again at 3 months post-intervention to determine whether AT improvements would be sustained for that period. Finally, we examined whether the training outcomes are predictable from baseline assessments of language or cognitive skills.
MATERIALS AND METHODS

Participants
Fifty-five consecutive cases of newly diagnosed children with APD, who fulfilled the inclusion criteria below, were identified by clinical staff at the Centre for Hearing Intervention and Language Development (CHILD) in Singapore and invited to participate. Inclusion criteria were (1) being in mainstream school, (2) referred for evaluation of listening difficulties, (3) normal peripheral hearing assessment in both ears (see below), (4) failure in both ears (2 SD criterion) in two or more but not all behavioral tests of a test battery used to assess auditory processing (see below and in Table 1 ), (5) normal nonverbal intelligence quotient (IQ) score of more than 85, (6) absence of autism, and (7) absence of frank neurological conditions such as brain tumor or head injury. Thirty-nine cases consented and were enrolled in the study.
Ethics
Ethical approval was obtained by the National Healthcare Group Singapore. Informed written consent from parents and assent from children were obtained. The Clinical Trial was registered with ClinicalTrials.gov (registration number: NCT02111343).
Setting
Children had baseline assessments conducted and were recruited to the study by clinical staff at CHILD between 2009 and 2011. Outcome measures were also conducted at CHILD by author J. L., while the intervention was conducted at the participants' homes.
Study Design and Protocol
APD children were semirandomly assigned in a sequential method for the two sexes to an intervention AT group (n = 20) or an untrained control group (n = 19) by author J. L., who was blinded to the children's baseline assessments.
Baseline Test Procedures
Children were referred for APD assessment after an earlier clinical appointment had confirmed normal peripheral hearing sensitivity with (1) pure-tone thresholds of 20 dB HL or better at octave frequencies from 250 Hz to 8 kHz, (2) normal middle ear function with Type-A tympanograms, (3) an ipsilateral acoustic reflex present at 1 kHz with a threshold less than 100 dB HL, and (4) speech discrimination scores in quiet (NU6 word list) of 80% or better in both ears presented at 50 dB HL. All recruited children had the following assessments for the study purposes, conducted within a 3.5-hour test session with short intervals between tests to avoid fatigue and to reduce the effect of inattention on test performance: -Auditory processing tests (see Table 1 for test details and versions used). These were selected as per the American Speech-Language-Hearing association (2005) and American Academy of Audiology (2010) recommendations and our previous study on this multilingual population (Loo et al. 2013 Semel et al. 2006) assesses core language skill. The CELF-4 consists of the following subtests depending on the child's chronological age: Concepts and following directions (5 to 12 years old), Word structure (5 to 8 years old), Recalling sentences (5 to 12 years old), Formulated sentences (5 to 12 years old), Word classes 2 (receptive, expressive, and total; 9 to 12 years old). -The Test of Auditory Perceptual Skills-Revised (TAPS-R; Gardner 1996) assesses short-term auditory memory. The TAPS-R has four subtests: Auditory Number Forward Memory (otherwise known as digit span), Auditory Number Backward Memory (otherwise known as backwards digit span), Auditory Word Memory, and Auditory Sentence Memory (ASM). -The Phonological Assessment Battery (PhAB; Frederickson et al. 1997 ) assesses a wide range of phonological skills. Alliteration, Rhyme, Spoonerisms, and Nonword Reading subtests were conducted.
The raw scores of TONI-3, CELF-4, TAPS-R, and PhAB were converted into standard scores (i.e., with a population mean of 100 and SD of 15), with scores of 85 and below considered as abnormally low. In addition, a child with normal nonverbal intelligence (NVIQ score > 85, based on TONI-3) and a standard score of 70 and below (2 SD's below the UK-referenced norm mean) was considered as having language impairment in this study. LOO ET AL. / EAR & HEARING, VOL. 37, NO. 1, 38-47 41
The group results of these baseline assessments are summarized in Table 2 . Nine of the AT and 12 of the control group failed at least 1 subtest of TAPS-R. Three of the AT and eight of the control group failed at least one subtest of the PhAB. Three children in the AT and four children in the control group would be classified as having language impairment.
Outcome Measures
Outcome measures included an objective measure of performance as well as two questionnaires related to real-life function skills. These included (a) The Listening in Spatialised Noise-Sentence test (LiSN-S; Cameron & Dillon 2007 ) produces a three-dimensional auditory environment under headphones and assesses the ability of children to repeat back simple sentences in the background of two other talkers which can either be the same or different to the target talker. By manipulating the location and vocal quality of the masking talkers (the target is always perceived as straight ahead), four listening conditions are created: different voices at ±90° azimuth (DV90°), same voice at ±90° azimuth (SV90°), different voices at 0° azimuth (DV0°), and same voice at 0° azimuth (SV0°). Responses are scored manually by keyword by the assessor on a computer and the stimulus presentation level is adaptively adjusted depending on participant response. A maximum of 30 sentences are presented in each of the four listening conditions. The outcome measure in each condition was the signal to noise ratio in decibels (dB) necessary for the correct reporting of 50% of the key words in the sentences, known as the speech reception threshold (SRT).
Lower SRT values indicate better performance. The LiSN-S outcome measures typically involve differences between selected conditions as a way to "subtract out" the effect of various cognitive skills in test performance, like attention and linguistic closure. The advantage measures represent the benefit in dB gained when either vocal (DV0°), spatial (SV90°), or both vocal and spatial cues (DV90°) are incorporated in the maskers, compared with the baseline (SV0°) condition where fewer cues are present in the maskers (Cameron & Dillon 2007 (1) The CELF-4 pragmatic profile (PP; Semel et al. 2006) has 52 items and aims to identify verbal and nonverbal pragmatic deficits that may negatively impact on communication skills. Each item is scored from 1 = never to 4 = always, based on the frequency of occurrence of each skill. The PP was completed by parents who, by the nature of the experimental design, could not be blind to whether or not their child had received the intervention. (2) The children's auditory performance scale (CHAPS; Smoski et al. 1992 ) has 36 questions evaluating listening skills in six different areas (noise, quiet, ideal, multiple inputs, auditory memory sequencing, and auditory attention span) scored from +1 (less difficulty) to −5 (cannot do at all). Raters are asked to compare the child with his/her peers. A total score is calculated from the six subscore averages. The CHAPS was completed by participants' teachers, who were blinded to intervention status. Both groups had all outcome measures at baseline and at the end of the training period. The AT group then underwent a nointervention 3 months phase, after which LiSN-S was repeated.
Intervention
The AT group were issued a 3-month computer-based AT program to conduct at home under parental supervision (see Table 3 for details of the training games). Three different listening games were used for speech-in-noise training, aiming to improve speech understanding, discrimination of fine phonetic detail, and keyword extraction in the presence of various types of background noises. Dichotic speech listening training with directed attention to one ear was incorporated in the fourth game. All games were presented in a child-friendly visual format with visual feedback provided after each response. A daily AT timetable was issued for 12 weeks with two different listening games to perform for 30 minutes per session, 5 sessions per week (see Table 4 for an indicative weekly schedule). Children were rewarded on completion of each training session with a token or fun activity to promote compliance. Parents kept a training logbook that was cross-checked with the datalog stored in the computer at the end of the training (containing the dates and times of training). The untrained control group received no AT. All participants were requested to not engage with any other auditory-based interventions, except from regular school attendance and educational activities. All participants were receiving the standard current treatments for management of APD which, at the time of the study, were employment of listening strategies (such as preferential sitting) and other educational strategies (such as provision of lecture notes or preteaching of new concepts/ vocabulary) at school and/or at home.
RESULTS
Subject Characteristics
There were no significant differences in any baseline measure between the two groups ( Table 2 ). All 39 children in both groups completed the study. Data on the amount of training undergone was incomplete or missing for 5 of the 20 children in the AT group because of technical failures (e.g., having to replace a faulty computer). The remaining 15 children trained for a median of 27 hours (with a range of 9 to 30 hours). On average, each participant completed more than 80% of the targeted training sessions for each listening game.
Changes in Speech-in-Noise Performance
All SRTs obtained from the LiSN-S are shown in Figure 1 . A repeated measures analysis of variance (ANOVA) was conducted to assess differences in the four LiSN-S scores between the two groups before and at the end of the intervention period (2 times × 2 groups × 4 LiSN-S conditions). Hyunh-Feldt epsilon corrections were applied to all F tests involving LiSN-S condition because Mauchley's test of sphericity indicated a violation for this factor (p = 0.04). The highest third order interaction (p = 0.14) and second order interaction of LiSN-S condition by group (p = 0.91) were not significant. However, there was a significant interaction of LiSN-S condition by time [F(3,111) = 3.7, p = 0.014, partial η 2 = 0.09], indicating that listeners' SRTs changed by different amounts in the different conditions. Although the lack of the third order interaction implies that this effect was not different between the two groups, the changes were numerically greater in the AT group, with a tendency for more improvement in the two conditions with spatial separation between target and maskers (by about 1 dB).
Most importantly, the time by group interaction was highly significant [F(1,35) = 27.0, p < 0.001, partial η 2 = 0.43] indicating that the trained group improved its performance by more (≈1.5 dB) than the untrained group (≈0.1 dB). The effect size (Cohen's d) for the difference in averaged LiSN-S SRTs was large at 1.7.
The main effects of time and condition were also highly significant (both p < 0.001). The time by group interaction reflects the training effect which has also influenced the main effect of time, and the large effect of condition is well known and expected (Cameron & Dillon 2007) .
The sustainability of this improvement in SRTs was evaluated in the trained group only using a repeated measures ANOVA (3 test times × 4 LiSN-S conditions). Again, Hyunh-Feldt epsilon corrections were applied to all F tests involving LiSN-S condition because Mauchley's test of sphericity indicated a violation for this factor (p < 0.005).There was no time by condition interaction (p = 0.13), but there were highly significant main effects of condition [F(2.4,44.8) = 184.0, p < 0.001, partial η 2 = 0.91] and time [F(2,38) = 23.8, p < 0.001, partial η 2 = 0.56] effects. Helmert contrasts showed a significant difference between baseline and subsequent testing points [F(1,19) = 93.4, p < 0.001, partial η 2 = 0.83], but no significant difference between the SRTs immediately and 3 months postintervention [F(1,19) = 0.49; p = 0.49], indicating sustainability 
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LOO ET AL. / EAR & HEARING, VOL. 37, NO. 1, [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] of improvement. In fact, the mean SRT after 3 months was slightly lower than immediately after the intervention, by about 0.25 dB.
Changes in Derived Measures
Because of their use in clinical applications, we also applied a repeated measures ANOVA on the three derived LiSN-S advantage scores, comparing the two groups before and at the end of the intervention period (2 times × 2 groups × 3 LiSN-S measures). Crucially, no interaction term involving group was significant, meaning that the intervention had no effect on changes on these outcome measures, which is not surprising given that all four base measures improved in the trained group by roughly the same amount. Only one of the four interaction terms were significant, that of time by advantage score [F(2,74) =3.7, p = 0.029, partial η 2 = 0.09], meaning that advantage scores changed by different amounts. Paired t tests comparing the advantage scores at the two times showed a significant improvement (p = 0.006) only for the total advantage (the difference between the SRTs for SV0° and DV90°). Although significant, even this change was small with only a 0.7 dB improvement over the two times. All these findings are consistent with the analyses on the four individual SRT measures above.
Changes in Functional Listening Skills Following Training
The total PP and CHAPS scores at baseline and at 3 months (postintervention) are shown in Table 4 . Six of the PP questionnaires (two from the AT group; four from the control group) were incomplete with more than one question rated as "not applicable" and analysis was thus conducted on 33 PP questionnaires only. Similarly, four CHAPS questionnaires from the AT group and two from the control group were excluded from the following analysis, as some of the questions were unrated and scores could not be tabulated. a. Pragmatic Profile • A repeated measures ANOVA revealed a significant time by group interaction [F(1,31) = 8.0, p = 0.008, partial η 2 = 0.205], showing that improvements in the trained group were larger than those in the untrained group (Fig. 2) . Separate paired t tests for the two groups show a highly significant change in the trained group [t(17) = 4.3; p = 0.001] and none in the untrained group [t(14) = 4.3; p = 0.3], which confirms that the omnibus test was not overly sensitive to the differences in variability in PP scores between the two groups at baseline. Cohen's d calculated from difference scores across the groups was 1.0. b. CHAPS • A repeated measures ANOVA showed a significant time by group interaction [F(1,31) = 4.9, p = 0.035, partial η 2 = 0.136], indicating that the trained group again improved more than the untrained group. This effect was weaker than for the PP, in that separate paired t tests for the two groups show no significant change for either group. The significant time by group interaction was presumably found because the untrained group's scores worsened slightly over time. Cohen's d as calculated from the difference scores across groups was 0.76 (Table 5 ).
Correlation Between Changes in AP Skills and Changes in Functional Listening Abilities of Children With APD
Due to outliers (in particular, one trained listener who improved the most by far on the LiSN-S and the CHAPS), robust methods were used to explore the relationships among the changes in the three outcome measures (Wilcox 2012) . First, a boot strap method was used to evaluate Pearson correlations among changes in the two functional measures of listening and performance for speech-in-noise (by subtracting the baseline value from the postintervention value for each individual). Onetailed tests were used because of the predicted direction of the correlation. The correlation between the two functional measures was relatively weak (ρ = 0.31; p = 0.046), and would not survive a Bonferroni correction, so this was considered no more.
Much stronger relationships were found between changes in mean LiSN-S and the two functional measures (PP: ρ = −0.44, p = 0.007; CHAPS: ρ = −0.64, p < 0.001), so these were investigated more thoroughly. Of primary interest is the extent to which changes in the outcome measures are correlated within groups, especially for the trained group (even though these tests have less power because of the splitting of participant numbers into two groups). Again, these were examined with a bootstrap method. Neither of the two correlations were significant in the untrained group (p > 0.18 for both), as would be expected from the narrow range of changes in LiSN-S in this group. In the trained group, changes in LiSN-S were not a significant predictor of changes in PP (ρ = −0.28; p = 0.15), but they were for CHAPS, with the correlation of similar magnitude to that obtained in the whole group (ρ = −0.66; p = 0.003). Figure 3 depicts the relationship between the change in mean LiSN-S and the change in CHAPS, with a single fitted line because a separate robust analysis shows the slopes and intercepts of the two groups being indistinguishable (p > 0.5 using ols1way() in Wilcox & Clark 2015) .
Other Analyses
From the baseline measures, neither language and phonological skills nor nonverbal IQ and auditory memory correlated with the changes in the overall LiSN-S performance. As more than half the number of participants from whom data was available completed all the specified training sessions, we did not try to relate total hours of AT to changes in any of the outcome measures.
DISCUSSION
We found that children with APD who had undergone a 12-week intensive speech-based AT program showed on average improved speech-in-noise test performance. These improvements also correlated with improvements in observerrated communication behaviors, as assessed by questionnaires, indicating that this training led to real life benefits. No such improvements were found in untrained control children with APD. These results are to some extent consistent with two case series studies (Cameron & Dillon 2011; Cameron et al. 2014 ) and a small randomized controlled trial (N = 10; . These authors reported significant improvements in children with APD who trained with the LiSN & Learn program on individual low cue (Cameron et al. 2014 ) and high cue SRTs (Cameron & Dillon 2011; Cameron et al. 2012 Cameron et al. , 2014 as well as on questionnaires that assess real life listening (Cameron & Dillon 2011; Cameron et al. 2012 Cameron et al. , 2014 . Taken together, these results provide further evidence for the benefits of such training. However, there are some inconsistencies between the different studies. In contrast to the findings reported by Cameron & Dillon, Cameron et al., performance in the four LiSN-S conditions showed comparable improvements, rather than a specific improvement in conditions with spatial separation. This may be because the previous studies recruited and trained children not on the basis of a general diagnosis of APD as we did, but on the basis of a spatial deficit on the LiSN-S, a so-called spatial processing disorder (SPD). SPD is present in 6% in a population with high incidence of chronic otitis media (Cameron et al. 2014 ) and up to 15% in children referred for speech-in-noise difficulties (Cameron & Dillon 2011) and may have been present in very few of our study children. We could not test for SPD due to the lack of norms for the Singaporean population. The difference in recruited populations may thus account for the difference in the observed results. Cameron et al. (2012) have similarly reported no benefits of Earobics training on the LiSN-S scores for five children with SPD, arguing that AT intervention for APD needs to be deficit specific. However, this lack of improvement for the LiSN-S-derived measures that was observed in our study may be due to other protocol differences between the studies. Training with a speech target that was spatially separated from the noise was only done during one of the four AT games the children played, thus reducing total training time for this task. We employed outcome measures using test material and talkers that had not been used for training purposes, while the previous studies used the same female voice as target in both training and outcome measures. Listeners, however, perform better with a familiar talker than an unfamiliar one (Nygaard et al. 1994) . While the subtractive procedure is argued to eliminate the effect of talker familiarity, it is still possible that the improvement in spatial advantage could be greater for a trained talker than an untrained one. Dosage effects may also need to be considered, as those who complete less than a "threshold" number of AT sessions show significantly poorer outcomes versus those who complete more sessions (Chisolm et al. 2013) , and a strong correlation has been reported between LiSN-S benefit and the number of LiSN & Learn sessions accomplished (Cameron et al. 2014) .
Real life communication skills as reflected on the PP questionnaires improved in the AT group only. The PP was filled in by parents, who were not blinded to the intervention, and a potential bias, due to a tendency of the parent to provide a pleasing response to the researchers cannot be excluded (Lam & Bengo 2003) . However, we also found a correlation between the LiSN-S and CHAPS improvements in the trained group only. This suggests that benefits were not due to a simple halo effect of the intervention, but was directly caused by the change in SRTs. The CHAPS was filled in by the teachers who were blinded to the intervention, while in several cases, the baseline CHAPS and the 3-month CHAPS were filled in by different teachers. Thus, AT benefits appeared to generalize to better listening in the classroom environment, as rated by the teachers.
It would be tempting to attribute these benefits to improved auditory processing per se. Benefits in laboratory tests after AT with noise have been reported previously in typically developing young adult listeners, claimed to be underpinned by the enhancement of cues to pitch as measured in the frequency following response (Song et al. 2012 ). However, while auditory processing test performance improves after different types of AT, this improvement does not necessarily correlate with and thus account for the broader functional improvement of the child as reflected on (Gillam et al. 2008) . The language improvements may thus be related to improvements in general cognitive skills by the auditory tasks per se, by the combined use of intensive auditory and visual stimulation, or by the task cognitive requirements of the computer games. Attention/memory processes are important for speech-in-noise perception (Schmithorst et al. 2011) and have been reported to improve-to some extent, and in terms of some subcomponents-in several studies of children with language-related disorders or APD (Stevens et al. 2008; Sharma et al. 2012) . The relative effect of auditory processing versus cognitive type improvement versus the interaction of both improvements on the observed improved communication of children following AT remains an intriguing and debatable question. The observed improvements in our AT group were sustained for at least 3 months in speech-in-noise test performance, similar to reports for children with SPD (Cameron & Dillon 2011) indicating that speech-based training may lead to sustainable improvements. We also found that neither baseline language nor cognitive abilities predict the degree of improvement with AT, in agreement with other studies (Sharma et al. 2012) .
There are some limitations in this study. First, until today, we do not have normative data for a speech-in-noise test for the Singaporean population. We were thus unable to determine whether the children with APD actually had any speech-in-noise or spatial processing deficits. Normative data would also help us better understand the magnitude of the AT benefit. However, norms from other countries would not be appropriate, since differences in the accent in which the test material is spoken can have an important influence on the typical results (Dawes & Bishop 2007) . Second, it is unclear if the improvement in the AT group was driven by a specific exercise, as the training incorporated several different speech-in-competition tasks. Additional studies would need to consider separating the different types of training to examine their effectiveness and whether this depends on the individual. The study was unblinded, and we did not include an active control group to assess for other intervention-related effects, which could have been related, e.g., to the parent engaging with the child or to the child conducting activities designed to promote thinking and problem solving (Gillam et al. 2008 ). However, while acknowledging the ways in which the study design could be improved, it also had many strengths. Inclusion of a no-treatment control group helped assess to what extent the changes in the outcome measures were due to the intervention versus maturational changes over time (Loo et al. 2010) . The outcome measures included tests assessing speech-in-noise auditory processing together with questionnaires assessing functional listening, while test materials (in Australian English) were completely unrelated to and in a different accent than the training materials (in British English). One questionnaire was completed by teachers who were blinded to the intervention. Thus, observed posttraining improvements appear to reflect a genuine learning effect. Effects are likely to generalize to other clinical populations with APD, in that children were recruited from a general audiology department, and without excluding participants with language related or other developmental disorders (with the exception of autism and low IQ).
In conclusion, a 12-week-long 5-day/week training with speech stimuli ranging from single words to complex sentences in the presence of competing stimuli under different conditions of spatial separation (thus resembling real-life listening conditions) led to improved speech-in-noise perception in tests that was reflected in improved functional listening in children with APD. Additional research is required to tailor AT to the individualized needs of listeners.
